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(54) Detecting oil in water 



(57) An oil in water detector 
arrangement wherein the response 
signal is substantially independent of 
oil type. Scattered light signals for an 
incident beam from a source 21 
directed into a scatter cell are measured 
at two scatter angles (21, 22) by 
detectors D, and Dj and oil 
concentration value is calculated from 
tKe^iffereln^e"betweW^th¥^twc gnals. 
This obviates the need for reca lib ration 
of the arrangement for different oils. 
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SPECIFICATION 

Oet cting oil in water 

5 This invention relates to the detection of oil in 
water and in particular to detection arrangements for 
detecting and measuring different types of oils. Typ- 
ically these arrangements are used in ballast and 
bilge monitoring operations on ocean going tanker 
10 vessels. 

One of the problems in oil-in-water detection and 
measurement by the light scattering technique is the 
widely differing response characteristic of the range 
of oils that have to be measured. Not only should the 
15 detector employed be able to distinguish between 
suspended solid particles and oil droplets but it 
should also compensate for the speed in response of 
the different types of oils. Hitherto this has not been 
possible. 

20 The intensity of light scattered by a suspension of 
an oil in water is a function of the scattering angle 
and has a maximum value at an angle deternriined 
primarily by the average size of the oil droplets, 
which in turn is determined by the oil viscosity. The 
25 viscosity range of both crude and refined oils is of 
course very wide, and is also temperature depen- 
dent, necessitating some form of recalibration when 
a single scatter angle cell is employed to measure 
different types of oil or the same oil at widely differ- 
30 ing temperatures. 

Our co-pending application No. 19046/78 (Serial 
No. 1^588,862) describes a dual angle scatter cell in 
which the light scattering angles are such that the 
effects of suspended solid scatter can be reduced 
35 from the oil reading. We have now found that, by a 
suitable choice of light scattering angles, signals can 
be obtained which, after compensatory computa- 
tion, give an absolute value of oil concentration from 
a wide range of oils. 
40 According to one aspect of the invention there is 
provided an oil in water detector arrangement in 
which oils are detected by their scattering effect on 
an incident light beam, the arrangement including 
two or more photodetectors disposed each at a dif- 
45 ferent angle to the light beam, and means associated 
with the photodetectors for computing from the 
individual photodetector outputs the concentration 
of one or more oils suspended in water illuminated 
by the incident light beam. 
50 According to another aspect of the invention there 
is provided a method of detecting and measuring oil 
pollution in water, the method comprising directing 
a light beam into an oil/water mixture, measuring 
the light intensity received at a plurity of angles to 
55 the incident light beam, and computing from the 
relative intensities of the scattered beams a value 
corresponding to the oil content of the oil/water mix- 
ture. 

Embodiments of the invention will now be 
60 described with reference to the accompanying draw- 
ings in which: 
Fig. 1 is a schematic plan view of the oil in water 



detector arrangement; 
Fig. 2 shows in more detail the circuitry of the 
65 detector arrangement of Fig. 1 ; 

Fig. 3 shows an alternative circuit arrangement; 
and 

Figs. 4 and 5 illustrates the response of the circuits 
of Figs. 2 and 3 to various types of oil. 
70 Referring to Fig. 1 the scatter cell of the detector 
arrangement comprises a housing 11, through 
which water carrying suspended oil may flow, and 
provided with an inlet window 12 for incident light 
and a plurality of outlet windows 13, 14 for receiving 
75 light scattered from the suspended oil. Typically the 
incident light beam is provided via an infra-red solid 
state laser (not shown) but an ZED or other light 
sources may also be used. A baffle 1 5 may be 
mounted adjacent the window 1 2 to ensure that only 
80 scattered light reaches the windows 13 and 14. In 
some applications the baffle may be mounted per- 
pendicuiaT to the incident light beam as indicateci by 
the reference 15a in intermediate positions. 
Scattered light reaching the windows 13 and 14 is 
85 fed to respective photodetectors 16 and 17, prefer- 
ably via optical fibres 18. Advantageously the scatter 
cell also includes a further output window 18 
whereby the intensity of the incident beam may be 
monitored thus providing for computation forcom- 
90 pensation of changes in that intensity. 

The outputs of the photodetectors 16 and 17 are 
coupled to electronic circuitry, e.g. a microprocessor 
19, programmed to compute an oil concentration 
level from the aboslute and relative values of the 
95 photodetector outputs. 

We have found that the angle at which light is scat- 
tered from oil droplets suspended in water and the 
scattered light intensity depend primarily on the 
average droplet diameter and refractive index,. which 
100 in turn is determined by the oil viscosity. Thus, for 
example, Diesel oil which is relatively light produces 
small droplets which scatter light through a rela- 
tively large angle whereas a more viscous medium 
fuel oil produces larger droplets which scatter light 
105 predominantly through a relatively small angle. It 
will be clear that each oil produces its own charac- 
teristic scattering intensity at each of the photodetec- 
tors and that, by comparing these two intensities, a 
measure of the oil concentration can be obtained. 
1 10 This technique also provides compensation for the 
lower intensity of light scattered by more viscous 
oils. 

The difference in scattering response characteris- 
tics of different types of oils is illustrated by the fol- 

115 lowing Example:- 

Water containing an injected 1 00 parts per million 
of Diesel oil or medium fuel oil (MFO) was passed 
through a cell of the type shown in photodetectors 
disposed respectively at 17**, 30* and 38* to an inci- 

120 dent gallium arsenide infra-red light source. The 
photodetector outputs were monitored for each type 
of oil, the results being summarised below. 



The drawings originally filed were informal and the print here reproduced is 
taken from a later filed formal copy. 
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Detector Response 

Oil type Arbitrary units 

W 30'' 38° 



Diesel 118 118 17 

MFC 77 81 2 



From the above it will be clear that by suitable 
programming of the circuitry coupled to the detec- 
tors an absolute concentration value for each type of 
oil can be obtained without individual calibration of 
5 the detector system. 

By performing subtractions or rationing of the 
light scatter signals at the various scatter angles the 
concentration of each individual oil can be obtained. 
Thus the detector system requires only a single ini- 

10 tiai calibration and can then be used on all types of 
oil without further adjustment. 

Cells with a perpendicularly mounted baffle I5a 
have been constructed having scattering angles 21 
and 22 of 22.5** and 45" respectively and have been 

15 found to give good results with a wide range of oils. 
Typically we prefer to employ scattering angles 21 
and 22 of 20° to 25** and 40° to 50° respectively. These 
scattering angles are given by way of example and 
are not to be regarded as limiting. 

20 A square on rectangular cell could be used. Such a 
geometry allows for an array of detectors mounted 
opposite the source on a flat printed circuit board. 
Other cell cross sections can also be used. 
Referring now to Fig. 2, this shows a typical circuit 

25 arrangement for calculating oil concentration levels 
from the outputs of the dual angle cell arrangement 
of Fig, 1. The cell outputs for scattering angles of 
zero, 21 and 22 respectively are fed via photodiode 
detectors DO, D1 and D2 to preamplifiers PAG, PAS 

30 and PA2. These preamplifiers may comprise each a 
field effect transistor or an operational amplifier. 

The outputs of the preamplifiers PAO, PA3 and PA2 
are fed via amplifiers AMPO, AMP1 and AMP2 to 
respective synchronous detectors SDO, SD1 and 

35 SD2. 

Light is injected Into the scatter cell via a laser or 
an LED 21 driven in a pulsed mode by driver circuit 
LD1. Typically the light source 21 is operated at a low 
duty cycle, for example 2%, thus ensuring that the 

40 source has an extended lifetime. The driver circuit 
LD1 is coupled to the synchronous detectors SDO, 
SD1 and SD2 such that the detectors are enabled 
only when the light source21 is pulsed on. 
The output from the synchronous detector SDO 

45 associated with the direct light path through the cell 
is fed back to the drive circuit LD1 so as to provide an 
automatic gain control feedback loop whereby com- 
pensation is provided both from aging or drift of the 
light source and from oil fouling of the cell. This 

50 technique ensures that continuous calibration of the 
detector arrangement is effected. 

The outputs of synchronous detectors SD1 and 
SD2 associated with the scattered light signals are 
fed to the respective inputs of a differential amplifier 

55 DAI whose output comprises an analogue signal 



corresponding to the difference in intensity between 
the two scattered light signals. Although oil viscosity 
has a significant effect on the scatter profile of an 
incident light beam we have found that the differ- 

60 ence signal obtained from scatter signals received at 
two suitable angle to an incident light beam is sub- 
stantially independent of oil types. 

Typicaffy the differential amplifier output signal is 
fed via a buffer stage BST to a control and display 

65 arrangement CD1 whfch may include means for 
recording measured oil levels and for generating a 
warning signal when a predetermined oil level is 
- exceeded. 

The circuit arrangement shown in Fig. 3 is some- 

70 what similar to that of Fig. 2 but employs digital pro- 
cessing techniques. The input circuit stages compris- 
ing preamplifiers PAO, PA1 and PA2, amplifiers 
AMPO, AMP1 and AMP2 and synchronous detectors 
SDO, SD1 and SD2 operate in a similar manner to the 

75 arrangement of Fig. 2 and need not be further 
described. 

The outputs of the synchronous detector are fed 
via an analogue multiplexer to an analogue to digital 
converter A/D1 and a microprocessor MPU1 prog- 

80 rammed to perform the computation of oil concent- 
rations from the digitised detector output signals. 
The microprocessor output may be used to drive a 
variety of operating functions including cell flushing 
and water sampling. The microprocessor can also 

85 drive an output recorder and an excess oil alarm sys- 
tem. 

Typically the microprocessor is programmed with 
an algorithm constructed e.g. to compensate for 
droplet-size variations in the fluid flow through the 
90 cell or to provide outputs giving an indication of 
droplet size distribution. 

In an alternative embodiment a single synchron- 
ous detector preceded by a multiplexer may be emp- 
loyed. The single detector then feeds into an 
95 analogue to digital converter. 

In further applications light scattering may be 
effected at three or more angles to the incident beam 
to provide further accuracy in the measurement pro- 
cess. 

100 Figs. 4 illustrate the results obtained from the 
measurement of various types of oil using the cir- 
cuits of Figs. 2 and 3, Fig. 5, which is included for 
comparison purposes, illustrates the corresponding 
measurements obtained from a conventional single 

105 angle scatter cell. In each case measured quantities 
of each type of oil were injected into a water stream 
flowing through the cell and the corresponding 
detector output response was determined. As can be 
seen from Figs. 4 and 5 the response spread from the 

110 various types of oils at an injected level of 1 00 parts 
per million is ± 27% for a single angle scatter cell 
(Fig. 5) but this spread is reduced to within ± 20% 
(Fig. 4) by using the double angle scatter techniques 
described herein. This respresents a significant 

115 improvement in accuracy over conventional techni- 
ques described herein suitable for bilge water 
monitoring applications without the need for recalib- 
ration for different oils. 
The algorithms necessary for the computation 

1 20 process can also be partially dealt with using set 
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gains at different angles on the annplifiers, the 
ratios/values of these present gains being ptimised 
in prior experiments and tests. This opens up the use 
of such equipment for generalised measurements 
5 on 3 phase systems - e.g. for measuring oil/parti- 
cles/water etc, and for filtering checking systems. 

Typically the algorithm for a particular cell 
geometry is determined for measurements on 
known injected oil levels, the necessary techniques 

10 being known to those skilled in the art. Once a par- 
ticular scatter cell has been calibrated in this way no 
further calibration is necessary. 

CLAIMS 

1 . An oil in water detector arrangement in which 
1 5 oils are detected by their scattering effect on an inci- 
dent light beam, the arrangement including two or 
more photodetectors disposed each at a different 
angle to the light beam, and means associated with 
the photodetectors for computing from the indi- 

20'^idu a r phTDtocJetector^iJtputs tITe cdncentratioh of 
one or more oils suspended in water illuminated by 
the incident light beam. 

2, An oil in water detector arrangement in which 
oils are detected by their scattering effect on an inct- 

25 dent light beam, the arrangement including a cell 
wherein scattering of light from a pulsed light source 
is effected, drive means for the light source, a first 
photodetector disposed in alignment with the light 
source so as to receive light transmitted directly 

30 through the oil/water mixture, second and third 
photodetectors disposed respectively at first and 
second angles to the beam generated by the light 
source so as to receive light scattered by the 
oil/water mixture, synchronous amplifier channels 

35 are associated with each said photodetector and, in 
use, enabled when the light source is pulsed by the 
drive means, gain control means including a feed- 
back loop from the first photodetector via the 
associated amplifier channel to the drive means 
40 whereby control of the light source intensity is pro- 
vided, and means associated with the second and 
third amplifier channels whereby, in use, an oil con- 
centration is calculated from the difference in the 
signals appearing on the two channels. 
45 3. An arrangement as claimed in claim 2, 

wherein said calibration means includes a microp- 
rocessor. 

4. An arrangement as claimed in claim 1, 2 or 3, 
wherein photodetectors are disposed one at a scat- 

50 ter angle of 20* to 25** and one at an angle of 40" to 
SCto the incident light beam. 

5. An oil in water detector arrangement substan- 
tially as described herein with reference to Figs. 1,2 
and 4 or Figs. 1,3 and 4 of the accompanying draw- 

55 'ngs. 

6. A marine bilge water monitor incorporating an 

011 detector arrangement as claimed in any one of 
claims 1 to 5. 

7. A method of detecting and measuring oil pol- 
60 lution in water, the method comprising directing a 

light beam into an oil/water mixture, measuring the 
light intensity received at a plurality of angles to the 
incident light beam, and computing from the relative 
intensities of the scattered beams a value corres- 
65 ponding to the oil content of the oil/water mixture. 



8. A method of detecting and measuring oil pol- 
lution in water, which method is substantially as 
described herein with reference to the accompany- 
ing drawings. 
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